Herbivorous reptiles depend on complex gut microbial communities to effectively degrade dietary polysaccharides. The composition of these fermentative communities may vary based on dietary differences. To explore the role of diet in shaping gut microbial communities, we evaluated the fecal samples from two related host species-the algae-consuming marine iguana (Amblyrhynchus cristatus) and land iguanas (LI) (genus Conolophus) that consume terrestrial vegetation. Marine and LI fecal samples were collected from different islands in the Galá pagos archipelago. Highthroughput 16S rRNA-based pyrosequencing was used to provide a comparative analysis of fecal microbial diversity. At the phylum level, the fecal microbial community in iguanas was predominated by Firmicutes (69.5 ± 7.9%) and Bacteroidetes (6.2 ± 2.8%), as well as unclassified Bacteria (20.6±8.6%), suggesting that a large portion of iguana fecal microbiota is novel and could be involved in currently unknown functions. Host species differed in the abundance of specific bacterial groups. Bacteroides spp., Lachnospiraceae and Clostridiaceae were significantly more abundant in the marine iguanas (MI) (P-value41EÀ9). In contrast, Ruminococcaceae were present at 45-fold higher abundance in the LI than MI (P-value46EÀ14). Archaea were only detected in the LI. The number of operational taxonomic units (OTUs) in the LI (356-896 OTUs) was 42-fold higher than in the MI (112-567 OTUs), and this increase in OTU diversity could be related to the complexity of the resident bacterial population and their gene repertoire required to breakdown the recalcitrant polysaccharides prevalent in terrestrial plants. Our findings suggest that dietary differences contribute to gut microbial community differentiation in herbivorous lizards. Most importantly, this study provides a better understanding of the microbial diversity in the iguana gut; therefore facilitating future efforts to discover novel bacterial-associated enzymes that can effectively breakdown a wide variety of complex polysaccharides.
Introduction
Herbivory involves subsistence on the fibrous parts of plants, for example, leaves, stems and buds (Parra, 1978) and the subsequent breakdown of the complex carbohydrates (that is, celluloses and hemicelluloses) that are present in plant cell walls. Presently, 118 families of glycoside hydrolases have been identified that assist herbivores with the hydrolysis and degradation of plant cell walls (http://www.cazy.org/Glycoside-Hydrolases.html). Vertebrate hosts lack an extensive diversity of these endogenous glycoside hydrolases, and therefore rely on their endosymbiotic relationship with the gut microbiota to effectively hydrolyze complex carbohydrates or polysaccharides (Davison and Blaxter, 2005; Mackie et al., 2008) . For example, in mammalian systems, hindgut and subsequently foregut fermentation has evolved in herbivorous hosts (Hume and Warner, 1980; Mackie et al., 2008) . These adaptations were probably a result of enhancing the efficiency and roles of bacterial fermentation in the gut. This in turn provides an intuitive indication of the importance of bacterial community in breaking down indigestible polysaccharides and its subsequent provision of nutrients and energy to the host.
Compared with mammals, herbivory in extant reptilian hosts has not been commonly observed. It is estimated that 80% of mammalian species are herbivorous (Stevens and Hume, 1995) , whereas only less than 2% of reptiles of 47800 recognized species of squamate reptiles follow the herbivorous dietary regimen (Espinoza et al., 2004) . In general, reptilian herbivory has been observed in a few turtles, 40 species of tortoises (King, 1996; Stevens and Hume, 1998) and about 50 species of lizards belonging to the infraorder Iguania (Pough, 1973; Troyer, 1983) . The paucity of herbivorous reptiles has been linked to ectothermy and the limitations of small body size, which does not allow maximal gut capacity to digest the plant materials (Mackie et al., 2004) . However, recent studies have shown that reptiles have also evolved over time to adapt to herbivory, for example, by having slower metabolic rates that facilitate increased gut transit time and by behavioral adaptations that maintain body temperature comparable to that of a mammalian host (Zimmerman and Tracy, 1989; King, 1996) . Similar to the mammalian system, these adaptations possibly occurred to facilitate the role of gut microbiota in breaking down recalcitrant dietary polysaccharides. To illustrate, herbivorous iguanas can digest 54% of cell wall constituents and supply 30%-40% of their energy needs from hindgut fermentation (McBee and McBee, 1982) , implicating a symbiotic gut microbiota capable of effectively degrading complex polysaccharides. However, unlike the mammalian gut microbiota, very few studies have been carried out to provide insights on the phylogenetic diversity present in the herbivorous lizard gut microbiota.
Among herbivorous lizards, the marine iguanas (MI) (Amblyrynchus cristatus) and land iguanas (LI) (Conolophus subscristatus and C. pallidus) on the Galápagos Islands constitute one of the most unique pairs of Iguanidae to study and compare their gut microbiota. The common ancestor for both iguanas, the Ctenosaur, was thought to have drifted on rafts of vegetation from Central or South America to the Galápagos Islands (Cogger and Zweifel, 1998) , and subsequently differentiated into two separate genera 10-20 million years ago (Rassmann, 1997) before the age of the current islands. Marine iguanas are the only iguanas that have adapted to feed primarily on soft macrophytic algae growing in the intertidal and subtidal zones (Shepherd and Hawkes, 2005) . In contrast, LI feed on terrestrial flora like Opuntia cactus pads, lantana flowers and cordia plants (Christian et al., 1984) , and have a qualitatively more similar diet to Galápagos giant tortoises (GT) (Geochelone nigra) than to MI. This interesting difference in the iguanas' diet was also observed by Darwin during his visit to the islands in 1835, where he wrote in his diary-'I opened the stomach of several (marine iguanas), and in each case found it largely distended with minced seaweed of that kind which grows in thin foliaceous expansions of a bright-green or dull-red coloryI opened the stomach of several (land iguanas), and found them full of vegetable fibres and leaves of different trees, especially of a species of acacia.' (Darwin, 1835) .
For most dietary regimens, the acquisition of a new diet is a fundamental driver for the evolution of new species and hence differentiation in the gut microbiota (Ley et al., 2008a) . Given the vastly different dietary intake of the marine and LI, it is therefore hypothesized that both iguanas would have distinct differences in their gut microbiota. To address this hypothesis, we sampled feces from a total of 47 MI and LI endemic to Galápagos Islands, as well as two outgroups, GT and green iguanas (GI) (Iguana iguana). Genomic DNA was extracted from these samples for high-throughput 16S rRNA-based pyrosequencing to provide a comprehensive examination of the microbial diversity found in the fecal surrogates. Comparative analyses were subsequently carried out to evaluate the extent of similarity and dissimilarity between the microbial diversity of the herbivorous lizards. This study serves to provide insight on phylogenetic composition and abundances of gut microbiota in herbivorous lizards and to examine the microbial diversity in lizards with different dietary preferences. (Figure 1 ). The sampling period coincided with the cool and dry season, characterized by relatively cold waters (18-20 1C) generated by the Humboldt Current that are nutrient-rich (Constant, 2000) . Marine iguanas (A. cristatus) were found on the coastal margins of all sampling sites, whereas LI (C. subcristatus and C. pallidus) were found on Fernandina, Plaza Sur and Santa Fe, but not San Cristobal. It is well documented that MI typically gather in large groups, dive underwater to forage for sea algae, and bask under the sun to thermoregulate their body temperature (Boersma, 1982; Trillmich and Trillmich, 1986; Wikelski and Trillmich, 1994) . In contrast, the LI are typically solitary (Snell et al., 1984) , maintain a more constant body temperature under the sun, and consume mainly the cactus pads found in the arid littoral zone (Christian et al., 1984) .
Materials and methods

Sampling site and iguana characteristics
Fecal sampling from outgroup reptilian herbivores
Another group of iguanidae herbivores, GI (Iguana iguana) from El Salvador, Central America was selected as one outgroup from a different geographical location. A second outgroup, Galápagos GT (Geochelone nigra) residing in San Cristobal was also chosen as an outgroup for comparison with marine and LI based on the same geographical location but different order of reptilian herbivore. Fecal samples were obtained from GI (n ¼ 2) imported from El Salvador and also from Galápagos GT residing in San Cristobal-Galapaguera (n ¼ 4).
Fecal sampling
A total of 47 fecal samples were collected based on sampling procedure described previously (Mackie et al., 2004) . In brief, LI were captured by noose and stimulated around the anal vent to elicit defecation. Fresh feces from all other reptiles were collected at the time of defecation by scooping the feces into a sterile 15-ml centrifuge tube. Fecal samples were stored at 4 1C during the entire field trip, and then at À20 1C in laboratory before DNA extraction. All procedures were non-invasive and conducted in accordance with guidelines from the American Society of Icthyologists 
DNA extraction
Genomic DNA from feces was extracted using the UltraClean Soil DNA Isolation kit (MoBio, Carlsbad, CA, USA). Slight modifications to the manufacturer's protocol were made to ensure a representative extraction of bacterial and archaea populations Land iguana species endemic to the island
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Land (n=5) Marine (n=5) Land (n=5) Marine (n=5) Land (n=6) Marine (n=5) Marine (n=5) Marine ( Pyrotag handling and analysis 454 pyrosequencing was carried out on 454 FLX Titanium (454 Life Sciences-a Roche Company, Branford, CT, USA). The paired-end pyrosequencing services were provided by Roy J Carver Biotechnology Center, University of Illinois. A total of 248 594 16S rRNA sequences (also referred to as 16S pyrotags) were obtained from 454 Titanium pyrosequencing run. The 16S pyrotags were sorted based on their respective barcodes to form a total of 47 pyrotag libraries representing the collected fecal samples. Raw sequence reads were checked for their quality to minimize the effects of random sequencing errors. Briefly, the quality check included the elimination of sequences that did not perfectly match the proximal PCR primer, and that with short sequencing length (o150 nt). All 16S pyrotags were then removed of their primers, barcodes and adaptor sequences, and had an average read length of 370 nt after trimming (Supplementary Table S1 ). 16S pyrotags identified with reverse orientation were also reverse complemented on RDP Pipeline Initial Process (Cole et al., 2009) . Processed pyrotags were then aligned based on RDP Infernal, which allowed secondary structure alignment (Cole et al., 2009) . The aligned pyrotags were visually checked with Jalview:
http://www.jalview.org/Web_Installers/ install.htm, and manual adjustments were performed to improve the alignment whenever necessary.
Taxonomical classification and statistical analysis RDP Classifier was used for taxonomical assignments of the aligned 16S pyrotags at 95% confidence level (Cole et al., 2009) . MEGAN was used to illustrate and compare the relative abundance of an identified taxonomy on a heat map (Huson et al., 2007) . Primer-E worksheets that detailed the presence and absence, as well as the percentage abundances of individual bacterial genera were collated, and subsequently performed with multidimensional scaling plot (MDS) on Primer-E software (http://www.primer-e.com/). A Jaccard dissimilarity matrix was calculated using the 'vegdist' function in the Vegan package in R (https:// r-forge.r-project.org/projects/vegan/) on the genuslevel community matrix. This matrix was then used to calculate the average community dissimilarity among each host species pair. In addition, RDP Lib Compare was used to estimate the probability of observing abundance difference in a given phylogenetic taxon (Wang et al., 2007) . All other statistical comparison of numerical means was carried out by t-test (Microcal Origin, Northampton, MA, USA).
Rarefaction curves
Aligned sequences for each sample were generated with their individual cluster files based on the RDP pyrosequencing pipeline. The cluster files were in turn used to generate rarefaction curves that defined the number of operational taxonomic units (OTUs) defined at 97% similarity level with respect to the total number of pyrotags read (Supplementary Figure S1 ). Regression analysis was also carried out on Sigma Plot to fit the rarefaction curves into double rectangular hyperbola curve models (Supplementary Table S2 ). On the basis of the regression curves, the number of OTUs (97% gene similarity) identified based on 6000 pyrotags were noted for comparison of microbial richness.
Results
Microbial community in herbivorous reptiles
Microbial communities in all examined herbivorous reptiles were dominated by Bacteria at abundances ranging from 99.8 to 100% of the total bacterial community. Archaea were only detected in LI, GI and GT at relatively low abundance, ranging from 0.1 to 0.2% of total microbial community. In contrast, archaeal populations could not be detected at this sequencing depth in feces of MI. Within the bacterial population, Firmicutes were the predominant phylum in the fecal microbiota, and were present with an overall abundance 463.9% of the total microbial community (Figure 2 ). Besides Firmicutes, unclassified Bacteria also accounted for a moderate proportion of the total microbial community, and were present at 26.6, 14.5, 10.1 and 10.4% in the LI, MI, GI and GT, respectively. All examined reptilian populations had Bacteroidetes in varying abundances, ranging from 4.2 to 10.1% of the total microbial community. The remaining fecal microbiota of the examined reptiles comprised low abundance phyla (o3.1% of total microbial community) like Planctomycetes, Proteobacteria, Actinobacteria, Fusobacteria, Verrucomicrobia, Spirochaetes, Cyanobacteria and Synergistetes, which were not consistently present in all of the different host populations (Figure 2b ).
Clustering differences in bacterial lineages and their abundances
In Figure 3 , the occurrence and relative abundance of bacterial lineages detected in the reptilian hosts were evaluated for their clustering differences. On the basis of the multidimensional scaling plot (MDS), the MI, LI and GT populations clustered separately, whereas the LI and GI populations were spatially clustered together (Stress ¼ 0.13). A further statistical analysis of the Jaccard dissimilarities validated that the gut microbiota is significantly different among the host species (Supplementary Figure S2 , Permutation Manova, F ¼ 13.64, P-value o0.001). In particular, the seaweed-consuming MI population only shared 44-49% similarity to the LI and GI populations that consumed terrestrial flora (Supplementary Figure S2) .
Comparison of bacterial groups among herbivorous reptiles Further evaluation at finer taxonomical level was carried out to determine the distribution of microorganisms in reptiles residing on different islands. The two predominant phyla (that is, Bacteroidetes and Firmicutes) present in the The low-abundance phyla were grouped together as 'others', and their specific abundances were listed. *denotes that Archaea were detected in all herbivorous reptiles, at abundance ranging from 0.1 to 0.2% of total microbial community, except in MI. LI, land iguanas; MI, marine iguanas; GI, green iguanas; GT, giant tortoises. Figure 3 Host-specific clustering differences in bacterial lineages. The abundance and occurrence of bacterial lineages present in feces of each individual reptile were compared and plotted on multidimensional scaling plot (MDS). Apparent clustering was observed in relation to host species (circled in dashed lines), regardless of the sampling location. Abbreviations denote the sampling locations, that is, F, Fernandina; P, Plaza Sur; SF, Santa Fe; EL, El-Salvador; SC-L, San Cristobal-Loberia; SC-C, San Cristobal-Corola ; SC-G, San Cristobal--Galapaguera.
reptilian fecal microbiota were comprised of the classes Flavobacteria, Sphingobacteria, Bacteroidia, Bacilli, Clostridia and Erysipelotrichi (Supplementary Figure S3 ). Among them, classes Bacteroidia and Clostridia were consistently present in all examined feces at relatively higher abundances. A further evaluation of these two classes showed that Bacteroidia in LI and MI fecal microbiota is comprised mainly of the family Bacteroidaceae, and in abundance that was significantly higher than that present in GT and GI (Figure 4 , RDP Lib Compare, P-value 41EÀ9). The abundance of Bacteroidaceae, which was primarily made up of genus Bacteroides, was also significantly higher in MI than LI (RDP Lib Compare, P-value46EÀ14). In contrast, the predominant bacterial family in GT and GI fecal microbiota was Prevotellaceae, and Prevotellaceae was undetected in the fecal microbiota of Galápagos LI and MI (Figure 4) . A similar evaluation of the class Clostridia showed that 21.6-47.9% of the Clostridia were unclassified Clostridiales. The class Clostridia also included Clostridiaceae, which further comprised classified and unclassified Clostridiaceae 1 subfamily, as well as genera Sarcina and Clostridium. Together, the family Clostridiaceae was present at significantly higher abundance in the fecal microbiota of MI and GT as compared with LI and GI (Figure 4 , RDP Lib Compare, P-value46EÀ14). Among the different host populations, Lachnospiraceae was also relatively predominant in the MI fecal microbiota (RDP Lib Compare, P-value 41.5EÀ8). In contrast, Ruminococcaceae was present in 45-fold higher abundance in the fecal microbiota of LI and GI relative to MI and GT (RDP Lib Compare, P-value46EÀ14).
Comparison of archaeal groups among herbivorous reptiles Archaeal populations were not detected in any of the studied MI fecal samples. Although archaeal population was detected in the feces of LI, GT and GI, it was dominated by a few genera. Genus Methanobrevibacter was ubiquitously detected in fecal microbiota of all LI and GI, and Methanobrevibacter was present at 481.6% of total archaeal community in the LI ( Figure 5 ). The presence of other archaeal genera could only be found in some LI individuals at some of the islands. For example, the genus Methanosarcina was found in only four of the five sampled LI in Plaza Sur at an average abundance of 15.5 ± 11.7% of total archaeal population, but was absent in all other reptiles and at all other sites. In addition, genus Methanocorpusculum was present in one of the LI sampled from Fernandina (0.01%±0.03%), Plaza Sur (2.9%± 6.4%) and Santa Fe (16.7% ± 40.8%), respectively ( Figure 5 ). Similarly, Methanocorpusculum was detected in one of the two GI from El Salvador, and at a higher abundance (20.0% ± 28.3%) than LI. In contrast, Methanocorpusculum was ubiquitously present in all examined GT, and constitutes the most abundant archaeal group (87.5%±25.0%) in the fecal microbiota of GT. Uncultivated Archaea were also present in the GT and GI feces, at average abundances of 12.5±25% and 70±42.4%, respectively ( Figure 5 ).
Host-specific differences in microbial richness Microbial richness was defined based on the number of OTUs (OTUs at 97% gene similarity) identified at 6000 16S pyrotags (Supplementary  Table S2 ). Figure 6 shows that the number of OTUs identified in the MI fecal microbiota ranged from 112 to 567 OTUs, and the microbial richness in MI was generally 42-fold lower than in LI, GT and GI. To further illustrate, microbial richness in LI fecal microbiota was significantly higher than in MI residing on Fernandina (P-value ¼ 0.054), Plaza Sur (P-value ¼ 8.73EÀ4) and Santa Fe (P-value ¼ 0.002), respectively. Similarly, microbial richness in GI and GT fecal microbiota was significantly higher than in the MI population (P-value43.246EÀ5). Microbial richness among the LI, GI and GT was, however, not significantly different from each other (P-value40.45). Figure 4 Bacterial distribution evaluated at a finer taxonomical level. The classes Bacteroidia and Clostridia were consistently present at high abundances in all herbivorous reptiles. A further evaluation within Bacteroidia and Clostridia showed differences in the profiles and abundance of bacterial groups among the herbivorous reptiles.
Fecal microbiota of herbivorous reptiles P-Y Hong et al
Discussion
Compared with mammalian hosts, herbivorous iguanas rely on external heat to maintain body temperature. As such, their diurnal body temperatures fluctuate according to ambient temperature, and have a shorter period to maintain at a level optimal for anaerobic gut fermentation. Nevertheless, iguanas are efficient herbivores and achieve digestion of 54% of cell wall constituents to supply 30-40% of the host-energy needs (McBee and McBee, 1982; Christian et al., 1984; Troyer, 1984; Van Marken Lichtenbelt, 1992) , suggesting efficient hydrolytic and fermentative processes despite these limitations. Very little is known about the gut microbiota that contributes to effective hydrolysis and fermentation in the herbivorous iguanas. Past studies have relied on microscopic examinations, cultivation based enumeration and molecular fingerprinting methods to identify that microorganisms indeed contribute to the breakdown of complex dietary polysaccharides through hindgut fermentation (McBee and McBee, 1982; Mackie et al., 2004) . Preliminary studies based on small full-length 16S rRNA libraries showed that the fecal microbiota of both marine and land iguanas were dominated by Firmicutes belonging to the genus Clostridium (Mackie et al., 2008; Nelson et al., 2010) . The current study builds upon existing knowledge, and serves to provide a more detailed taxonomic examination of the gut microbiota in LI and MI residing in the Galápagos archipelago, as well as herbivorous GT found on the same archipelago and GI from Central America. Our 16S rRNA-based pyrosequencing revealed that at the phyla level, the microbial community of herbivorous reptiles, regardless of the host species and diet, was predominated by Firmicutes and Bacteroidetes. This broad microbial distribution of major phyla is similar to those found in mammals (Eckburg et al., 2005; Ley et al., 2008b) and also to Figure 5 Archaeal population detected in fecal microbiota. No Archaea were detected in MI. The genus Methanobrevibacter, Methanosarcina and Methanocorpusculum were detected in the herbivorous reptiles that consumed terrestrial plant material. Triangles denote that only one LI at each location, respectively, was shown to harbor Methanocorpusculum. F-LI, land iguanas in Fernandina; P-LI, land iguanas in Plaza Sur; SF-LI land iguanas in Santa Fe. Figure 6 Comparison of microbial richness among the herbivorous reptiles. Microbial richness was defined based on number of OTUs (defined at 97% gene similarity). *denotes fairly significant difference evaluated at 90% confidence interval (CI), **significant at 95% CI, ***highly significant at 99% CI.
the single report for a captive carnivorous snake, the Burmese python (Costello et al., 2010) , suggesting that Firmicutes and Bacteroidetes account for important and core roles in the host metabolism (Turnbaugh et al., 2006 (Turnbaugh et al., , 2008 . For example, cellulose, hemicelluloses and pectin can first be hydrolyzed by Firmicutes and Bacteroidetes to their constituent hexoses and pentoses that in turn are converted by mixed-acid fermentation pathways with pyruvate as the central intermediate, and then into short-chain fatty acids (that is, acetate, propionate and butyrate) that contribute to the energy requirements of the host. Past studies further demonstrated that acetate, propionate and butyrate could be measured at high concentrations in the feces of both LI and MI (Mackie et al., 2004) .
In addition to Firmicutes and Bacteroidetes, a significant proportion of the fecal microbiota in the Galápagos iguanas, as well as in the GI and GT was unclassified Bacteria. A portion of the 16S pyrotags was also not assigned by RDP Classifier to the respective taxonomical level at high confidence level (Supplementary Table S3 ), in turn suggesting that a large group of bacteria present in iguana fecal microbiota was novel and could be involved in currently unknown functions. A previous attempt to isolate novel bacteria from Galápagos marine iguana feces resulted in a range of Clostridia isolated from media containing different carbohydrate sources, and these isolates await full identification and characterization (Mackie, unpublished data) . In a separate enrichment culture that actively degraded agar by rapid liquefaction, repeated attempts to isolate pure cultures of the agar-degraders failed, suggesting novel metabolic and functional pathways, operating synergistically, that require further elucidation before subsequent isolation attempts (Nelson et al., 2010) .
Although our current study used short-length pyrosequencing and was not able to identify the bacterial groups at species level, deep sequencing still enabled quantitative comparison of the gut microbiota. For example, a comparison of the relative abundances of fecal microbiota showed that seaweed-consuming MI were separated from all other terrestrial flora-consuming lizards (Figure 3) , even though marine and LI have been shown to have speciated from a common ancestor. An additional evaluation revealed differences in the abundances of some bacterial groups among the LI and MI. For example, Lachnospiraceae and Clostridiaceae were significantly more abundant in the MI (Figure 4) . In contrast, Ruminococcaceae were present at a higher abundance in the LI (Figure 4 ). These findings, along with those from other studies (Ley et al., 2008a, b) , suggest that diet is a strong factor shaping gut microbiota composition. Therefore, we hypothesize that the observed differences in bacterial groups can possibly be explained by the contrasting diet consumed by the two groups of iguanas.
Besides differences in the Firmicutes, there were also observed differences in the abundance of Bacteroides spp. in both LI and MI. MI are the only iguanas that have adapted to feed primarily on soft macrophytic algae, which contain a range of polysaccharides, many with sulfated sugar moieties that are absent in terrestrial plants eaten by LI. In the intestinal tract, Bacteroides spp. are versatile in hydrolyzing a broad array of polysaccharides (Shah and Gharbia, 1993) , and a recent study has demonstrated that B. plebieus contains beta-agarases and beta-porphyranases capable of breaking down algal polysaccharides such as agar, carrageenan, laminarin and porphyrans (Hehemann et al., 2010) . Given that MI consume seaweed as its only diet since speciation 10-20 M years ago, the higher abundance of Bacteroides spp. could potentially be driven by the need to hydrolyze algal polysaccharides. In contrast, LI consume a diet that is relatively harder to degrade because of the composition of the terrestrial plant material that is lignified and higher in cellulose and hemicellulose content. Our findings revealed that the number of OTUs in the LI were consistently higher than in the MI (Figure 6 ). This increase in the OTU numbers could be related to the need for a diverse gene repertoire to effectively hydrolyze and ferment the recalcitrant plant cellwall polysaccharides prevalent in the diet of LI. This observation is in agreement with past observations made in herbivores, which harbored higher bacterial diversity compared with carnivores and omnivores (Ley et al., 2008a) .
In addition, Galápagos LI tend to have a larger body size compared with MI, in turn maximizing the gut capacity and lengthening diet-retention time. Typical values for retention time in the intestinal tract of LI, as well as MI, is B7-10d (Troyer, 1984; Wikelski et al., 1993) , which facilitates longer contact time between gut microbial symbionts and insoluble substrates and contributes to high digestive efficiency in herbivorous iguanas. LI had a ubiquitous presence of hydrogen-using Methanobrevibacter spp. in their fecal microbiota ( Figure 5 ). In addition, LI residing on Plaza Sur also had Methanosarcina spp., although at a lower abundance than genus Methanobrevibacter. Besides the LI, the presence of Methanocorpusculum is also observed to be ubiquitously associated with GT that consumed terrestrial plants ( Figure 5 ). In contrast, no archaeal population was detected in the MI, further suggesting that host species and dietary differences can differentiate the gut microbiota.
It is worth noting that in the only report of methane production from fecal material collected from a few terrestrial iguanas kept in zoos, methane production rates were 322 nmol g -1 per hour for the GI (Iguana iguana) and 275 nmol g -1 per hour for the Bahamas iguana (I. delicatissima) (Hackstein and Van Alen, 1996) . These production rates ranked within the vertebrates with higher methane production rates and are similar to those reported for ruminants, further reiterating an active methanogenic archaeal population in the iguanas. In an effort to explain the reduced abundance of methanogenic archaea in MI, alternative pathways for terminal carbon and electron flow were investigated (Supplementary Text 1). We used primers targeting the APS reductase (apsA) gene to detect sulfate-reducing bacteria as many of the algal polysaccharides are sulfated. A number of sequences were recovered from both iguana species that had closest BLAST hits to Desulfovibrio spp. (D. termitidis, D. vulgaris, D. desufuricans and D. pigra). In addition, the formyltetrahydrofolate synthase (fthfs) gene was used as evidence for the acetogenic pathway, and BLAST results showed similarity to Ruminococcus productus, Clostridium thermaceticum and uncultured bacteria. The detection of these bacterial groups may likely explain for the reduced abundance of methanogenic archaea in MI, although the quantitative significance of these alternate pathways for terminal carbon and electron disposal remain to be further elucidated.
Interestingly, our pyrosequencing data suggested subtle variations in the gut microbiota of the same host species residing in different islands. For example, a weak clustering effect based on the locations of the LI individuals could be observed. A comparison of the LI found on different islands showed that LI residing in Fernandina had a lower microbial richness compared with those in Plaza Sur and Santa Fe (Figure 6 , P-value ¼ 0.01 and 0.03, respectively). Likewise, MI found in San Cristobal has a lower number of OTUs compared with those in Fernandina and Santa Fe (Figure 6 , P-value ¼ 0.01). Biogeographical patterns in the Salmonella population of Galápagos iguanas have been previously reported (Wheeler et al., 2011) , and it is likely that such biogeographical patterns extend to the entire intestinal/fecal microbiota. Conclusive evidence to confirm biogeographical population patterns of gut microbiota will be further analyzed in future studies.
In summary, we performed 16S rRNA-based pyrosequencing on fecal microbiota sampled from Galápagos iguanas and other reptiles, and provide a first detailed account of the microbial community inhabiting the gut of herbivorous reptiles. Although the microbial profile is primarily predominated by Firmicutes and Bacteroidetes, and resembled the gut microbiota of other herbivorous hosts, a large portion of the bacteria in the herbivorous reptiles remain unclassified and yet to be cultured. In addition, the microbial community and richness are intricately linked to the host species and their dietary preferences. With a better understanding of the microbial diversity in herbivorous reptiles, future studies would aim to elucidate their functional roles through metagenomics and metatranscriptomics. It is anticipated that such effort would facilitate possible discoveries of novel enzymes that can breakdown a wide variety of polysaccharides, as well as microbial-associated pathways that help herbivorous hosts overcome plant-defense mechanisms.
